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(57) ABSTRACT 

A lamp (10) includes an optics module (12) and an elec 
tronics module (14,60,70). The optics module (10) includes 
a plurality of LEDs (76) arranged on a printed circuit board 
(18) and having a plurality of input leads, and a heat Sink 
(22) having a conduit (40) for the input leads. The plurality 
of LEDs (16) thermally communicate with the heat sink 
(22). The electronics module (14,60,70) is adapted to power 
the plurality of LEDs (16) through the input leads. The 
electronics module (14, 60, 70) has a first end (52) adapted 
to rigidly connect with the heat Sink (22), and a selected 
electrical connector (50, 62, 72) arranged on a second end 
for receiving electrical power. The electronics module (14, 
60, 70) further houses circuitry (80) arranged therewithin for 
adapting the received electrical power (82) to drive the 
LEDs (16). 
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LED-BASED MODULAR LAMP 

BACKGROUND OF INVENTION 

0001. The invention relates to the lighting arts. It is 
especially applicable to MR/PAR-type lamps and lighting 
Systems, and will be described with particular reference 
thereto. However, the invention will also find application in 
modular lighting, in portable lighting applications Such as 
flashlights, in retrofitting incandescent and other types of 
lamps with LED-based lamps, in computerized Stage or 
Studio lighting applications, and the like. 
0002 MR/PAR-type lamps usually refer to incandescent 
lamps having an integrated directional reflector and optional 
integrated cover lens for producing a directed light beam 
with a Selected beam spread, Such as a Spot beam or a flood 
beam. The integral reflector is typically of the mirrored 
reflector (MR) type which uses a dichroic glass reflector 
material, or of the parabolic aluminized reflector (PAR) type. 
The choice of reflector affects the heat distribution, spot size, 
lamp efficiency, and other properties. MR/PAR lamps are 
available in a wide range of reflector Sizes, typically indi 
cated in multiples of /s" inch. For example, a lamp desig 
nated as PAR-16 has a parabolic reflector with a diameter of 
two inches. In the art, the terms MR lamp, PAR lamp, 
MR/PAR lamp, and the like typically denote a directional 
lamp having a Standardized size, shape, and electrical con 
nector. Commercial MR/PAR lamps are manufactured and 
Sold as an integrated unit including an incandescent light 
Source, a reflector that cooperates with the light Source to 
produce a beam having a selected beam spread Such as a spot 
beam or a flood beam, and a Standardized base with an 
integrated Standardized electrical connector which often also 
provides mechanical Support for the lamp in the associated 
lighting fixture. Many commercial MR/PAR lamps addition 
ally include a lens or cover glass arranged to receive light 
directed out of the reflector, a waterproof housing (option 
ally manufactured of a shatter-resistant material), or other 
features. Waterproof “sealed'MR/PAR lamps are especially 
Suitable for outdoor applications or use in other harsh 
environments. 

0003) Commercial MR/PAR lamps exist which are com 
patible with a wide range of electrical input Standards. Some 
are configured to accept an a.c. line power bus Voltage, 
usually 110V in the United States or 220V in Europe. Low 
Voltage lamps are configured to accept lower Voltages, 
typically 12V d.c. although other voltages such as 6V or 24 
V are also commercially used. The low Voltage is typically 
supplied by the 110V or 220V power bus through a low 
Voltage transformer or other power conditioning apparatus 
external to the MR/PAR lamp. 
0004 Electrical power is typically supplied to the lamp 
via a Standardized electrical base. There are many Such 
“standardized” bases, however, including threaded (Screw 
type) connector bases, two-prong (bi-pin) connector bases, 
bayonet-style connector bases, and the like. Many of these 
Standardized bases are available in a plurality of Sizes or 
detailed configurations. For example, the GU-type connec 
tor known to the art comes in a variety of sized and 
configurations, usually denoted by GU-X where X is a sizing 
parameter. 

0005. In Europe, the most common electrical input stan 
dard employs a GU-10 connector configured to receive a 
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220V a.c. input. In the United States, the most common 
electrical input Standard employs a Screw-type connector 
known as an Edison connector configured to receive a 110V 
a.c. input. A commonplace low-voltage electrical input 
standard, sometimes called the “MR' standard, employs a 
GU-5.3 connector configured to receive 12V d.c. In addition 
to these Standardized configurations, however, a wide range 
of other connector/power configurations are also in more 
limited use, particularly for Specialized applications Such as 
architectural and theatre lighting. 
0006 MR/PAR lamps are also increasingly being manu 
factured with integral electronic controllers, especially for 
high-end applications Such as Studio or Stage lighting. In one 
known embodiment, a 12V d.c. MR lamp receives a DMX 
512 control Signal Superimposed on the 12V power input. A 
DMX controller, embodied by a microprocessor arranged 
within and integral to the MR lamp, receives the control 
Signal and optionally modifies the lamp operation in 
response to the received control instructions, for example by 
changing the lamp intensity or color. Incandescent MR/PAR 
lamps which include only a Single light-generating filament 
are not individually color-controllable. Hence, the DMX 
color control is implemented through cooperation of Several 
MR lamps of different colors, e.g. using red, green, and blue 
spotlights. Other controller interface protocols, such as PDA 
or CAN, are also known. Instead of using a Superimposed 
a.c. control Signal riding on the power input, in other 
embodiments a radio frequency (rf) receiver is incorporated 
into the MR/PAR lamp for receiving an rf control signal., 
0007 MR/PAR lamps employ a variety of light-generat 
ing mechanisms. In addition to incandescent filament lamps, 
tungsten halogen MR/PAR lamps are popular. In these 
lamps, a chemical reaction between a halogen gas ambient 
and a tungsten filament continually returns tungsten Sput 
tered from the filament back onto the filament. In this way, 
degradation of the light intensity and color characteristics 
over time are reduced versus ordinary incandescent lamps. 
MR/PAR lamps employing other types of light generating 
elements, Such as gas discharge tubes, are also known but 
have gained leSS commercial acceptance. 

0008. In particular, light emitting diode (LED)-based 
MR/PAR-type lamps are known. LEDs are solid state opto 
electronic devices that produce light in response to electrical 
inputs. LEDs, particularly gallium nitride (GaN) and indium 
gallium aluminum phosphide (InGaAIP) based LEDs, are 
being increasingly used for lighting applications because of 
their durability, Safe low-voltage operation, and long oper 
ating life. Present LEDs are produces relatively low optical 
output power, and so LED-based MR/PAR lamps usually 
include an array of LEDs that collectively act as a Single 
light Source. Because most LEDs produce a Substantially 
directed light output, LED-based MR/PAR lamps optionally 
do not employ a reflector, or employ a reflector that is 
Significantly different from reflectors used in incandescent or 
halogen MR/PAR lamps. 

0009. At the present time, LED-based MR/PAR lamps 
are not commercially dominant. In part, this is due to 
Significant differences in the electrical input used by the 
LED arrays as compared with the input associated with 
conventional incandescent MR/PAR lamps, which can result 
in a significant portion of the development and manufactur 
ing cost of LED retrofits going toward the power condition 
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ing electronicS and the related electrical connectors. To 
compete commercially, LED-based MR/PAR lamps are 
advantageously electrically and connectively interchange 
able with existing lamp fixtures that are designed to operate 
with incandescent or halogen MR/PAR lamps. 
0.010 The difficulty in achieving electrical and connec 
tive interchangeability is increased by the wide range of 
electrical power input standards used in the MR/PAR lamp 
industry, including Voltage inputs ranging from around 6 
Volts to upwards of 220 volts, Voltage inputs of either a.c. or 
d.c. type, and a wide range of different "standardized’ power 
connection bases. The trend toward including remote control 
interfaces employing different communication pathways (rf 
versus Superimposed a.c. line, for example) and different 
communication protocols (e.g., DMX, PDA, or CAN) fur 
ther segments the market for LED-based MR/PAR lamps. 
The diversity of power and communications Standards in the 
MR/PAR lamp industry influences the LED-based MR/PAR 
lamp manufacturer to produce and maintain a very broad 
lamp inventory including a large number of different lamp 
models, an undertaking which is difficult to justify given the 
present market share of LED-based MR/PAR lamps and the 
segmented nature of the MR/PAR lamp market in general. 
0.011 The present invention contemplates an improved 
apparatus and method that overcomes the above-mentioned 
limitations and others. 

SUMMARY OF INVENTION 

0012. In accordance with one embodiment of the present 
invention, a lamp is disclosed, including an optical module 
and an electronics module. The optical module includes a 
plurality of LEDs for emitting light, and a heat Sink ther 
mally coupled to the LEDs. The heat sink has an electrical 
conduit for transmitting conditioned electrical power to the 
LEDS. The electronicS module includes an input electrical 
interface adapted to receive input electrical power, and an 
output coupler rigidly attaching to the optical module for 
delivering conditioned electrical power to the electrical 
conduit. The electronics module further includes electrical 
conditioning circuitry for electrically coupling the input 
electrical interface to the output coupler. 
0013 In accordance with another embodiment of the 
present invention, an apparatus is disclosed for connecting 
an associated lamp to an associated electrical power Supply. 
The associated lamp has one or more light emitting diodes 
(LEDs) and a first coupling element adapted to convey 
conditioned electrical power to the LEDS. The apparatus 
includes an input electrical interface adapted to operatively 
connect to the associated electrical power Supply to receive 
input electrical power and a Second coupling element 
adapted to cooperate with the first coupling element to 
Selectively detachably connect the optical module and the 
apparatus together. The Second coupling element is adapted 
to electrically connect with the first coupling element to 
transmit conditioned electrical power to the first coupling 
element. The apparatus also includes electrical conditioning 
circuitry connecting the input electrical interface with the 
Second coupling element. The electrical conditioning cir 
cuitry converts the input electrical power at the input elec 
trical interface to conditioned electrical power at the Second 
coupling element. 
0.014. In accordance with another embodiment of the 
present invention, a light emitting apparatus is disclosed. A 
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heat Sink has a first Side, a Second Side, and a conduit 
connecting the first Side and the Second Side. The Second Side 
is adapted to connect with any one of an associated plurality 
of electrical adaptors each adapted to convert a Selected 
electrical input power to a conditioned output electrical 
power. The light emitting apparatus also includes a plurality 
of light emitting diodes disposed at the first Side of the heat 
Sink and in thermal communication therewith. The light 
emitting diodes receive the conditioned electrical power 
from the Selected adaptor via the conduit. 

0015. In accordance with yet another embodiment of the 
present invention, a method is provided for retrofitting a 
lamp fixture configured to receive an MR- or PAR-type lamp 
in an electrical receptacle with an LED-based lamp. An 
LED-based lamp is Selected that conforms at least to a 
diameter of the MR- or PAR-type lamp. A connector module 
is Selected that conforms with the electrical receptacle of the 
lamp fixture. The selected LED-based lamp and the selected 
connector module are mechanically joined to form an LED 
based retro-fit unit, the mechanical joining effectuating 
electrical connection therebetween. 

0016. In accordance with still yet another embodiment of 
the present invention, a lamp is disclosed, including an 
optics module and an electronics module. The optics module 
includes a plurality of LEDs arranged on a printed circuit 
board, and a heat Sink having a conduit for conveying 
electrical power through the heat sink. The plurality of LEDs 
thermally communicate with the heat sink. The electronics 
module is adapted to convey power to the plurality of LEDs 
via the electrical conduit of the heat sink. The electronics 
module has a first end adapted to rigidly connect with the 
heat Sink, and a Selected electrical connector arranged on a 
Second end for receiving electrical power. The electronics 
module further houses circuitry arranged therewithin for 
adapting the received electrical power to drive the LEDS. 

0017. One advantage of the present invention resides in 
its modular design which allows a Single LED-based optics 
module to connect with a plurality of different power 
Sources. This permits the manufacturer to produce and Stock 
only a single type of optics module that is compatible with 
a plurality of different power Sources. 

0018. Another advantage of the present invention resides 
in its modular design which permits the end user to employ 
a lamp in different lighting fixtures which use different 
power receptacles and/or which provide different types of 
electrical power, by Selectively attaching an appropriate 
electronicS module. 

0019. Another advantage of the present invention resides 
in its modular design which permits the manufacturer or end 
user to Select from among a plurality of control protocols 
such as DMX, CAN, or PDA, for controlling a lamp, by 
Selectively attaching an appropriate power interface which 
incorporates the Selected control protocol. 

0020 Yet another advantage of the present invention 
resides in arranging a heat Sink that connects to an LED 
lighting module on one end thereof, and to an electronics 
module on an opposite end thereof, to form a unitary lamp 
with heat sinking of both the LED lighting module and the 
electronicS module. 
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0021 Numerous advantages and benefits of the present 
invention will become apparent to those of ordinary skill in 
the art upon reading and understanding the following 
detailed description. 

BRIEF DESCRIPTION OF DRAWINGS 

0022. The invention may take form in various compo 
nents and arrangements of components, and in various Steps 
and arrangements of Steps. The drawings are only for 
purposes of illustrating a preferred embodiment and are not 
to be construed as limiting the invention. 
0023 FIG. 1 shows an exploded view of a modular lamp 
formed in accordance with an embodiment of the invention. 

0024 FIG. 2A shows the electronics module of the lamp 
of FIG. 1, which module includes a GU-type two-prong 
COnnectOr. 

0025 FIG. 2B shows another electronics module which 
is compatible with the optics module of the lamp of FIG. 1, 
wherein the electronics module of FIG. 2B includes a 
different GU-type two-prong connector. 
0.026 FIG. 2C shows yet another electronics module 
which is compatible with the optics module of the lamp of 
FIG. 1, wherein the electronics module of FIG.2C includes 
an Edison-type threaded connector. 
0.027 FIG. 3 shows a diagrammatic representation of the 
power conditioning electronics of an exemplary electronics 
module. 

DETAILED DESCRIPTION 

0028. With reference to FIG. 1, an exemplary modular 
lamp 10 includes an optics module 12 and a mating elec 
tronics module 14. The optics module 12 includes a plurality 
of light emitting diodes (LEDs) 16, in the illustrated embodi 
ment six LEDs 16, arranged on a printed circuit (pc) board 
18. It is also contemplated to include only a single high 
brightness LED in place of the plurality of LEDs 16 in 
applications where a single LED can provide Sufficient 
optical intensity. The pc board 18 provides good electrical 
isolation together with good thermal conductivity, and 
includes conductive traces (not shown) arranged thereon for 
interconnecting the LEDs 16 on the board. The LEDs 16 
arranged on the pc board 18 will be collectively referred to 
herein as an LED module 20. 

0029. In one suitable embodiment, the LEDs 16 are white 
LEDs each comprising a gallium nitride (GaN)-based light 
emitting Semiconductor device coupled to a coating con 
taining one or more phosphors. The GaN-based Semicon 
ductor device emits light in the blue and/or ultraViolet range, 
and excites the phosphor coating to produce longer wave 
length light. The combined light output approximates a 
white output. For example, a GaN-based Semiconductor 
device generating blue light can be combined with a yellow 
phosphor to produce white light. Alternatively, a GaN-based 
Semiconductor device generating ultraViolet light can be 
combined with red, green, and blue phosphors in a ratio and 
arrangement that produces white light. In yet another Suit 
able embodiment, colored LEDs are used, Such are phos 
phide-based Semiconductor devices emitting red or green 
light, in which case the lamp 10 produces light of the 
corresponding color. In Still yet another Suitable embodi 
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ment, the LED module 20 includes red, green, and blue 
LEDs distributed on the pc board 18 in a selected pattern to 
produce light of a Selected color using a red-green-blue 
(RGB) color composition arrangement. In this latter exem 
plary embodiment, the LED module 20 can be configured to 
emit a Selectable color by Selective operation of the red, 
green, and blue LEDs at Selected optical intensities. 
0030 The LED module 20 is advantageously arranged on 
a heat Sink 22 that provides for removal of heat generated by 
the operating LEDs 16 from the LED module 20. The 
exemplary heat Sink 22 includes a plurality of heat-radiating 
fins 23 for removing heat. Of course, other types of heat 
radiating Structures may be Substituted therefor. In a Suitable 
arrangement, the LED module 20 is bonded to a receiving 
surface 24 of the heat sink 22 by a thermal tape 25, which 
advantageously provides a highly thermally conductive 
interface between the LED module 20 and the heat sink 22. 
In one Suitable embodiment, ThermattachTM T404 thermal 
tape available from Chomerics (a Division of Parker Han 
nifin Corporation) is used, and the heat sinking is Sufficient 
to maintain the optics module 12 at a 70° C. contact 
temperature in a 25 C. ambient. 
0031 Optionally, the optics module 12 includes addi 
tional optical components for Shaping the light distribution, 
performing spectral filtering, polarizing the light, or the like. 
In the illustrated lamp 10, a slidable Zoom lens system 26 
receives light produced by the LED module 20 and provides 
adjustable spot beam focusing. The Zoom lens System 26 
includes a lens assembly 28 having six individual lenses 30 
corresponding to the Six LEDs 16 and an aligning frame 32 
that Secures to the lens assembly 28 and aligns the lens 
assembly 28 with the LED module 20 through notches 34 in 
the LED module 20. The lens system 26 is slidably adjust 
able to vary the distance between the lenses 30 and the LEDs 
16 to effectuate variable spot beam Zooming. The Sliding 
mechanism is limited by clips 36 that fasten in notches 38 of 
the heat sink 22. The clips 36 further serve to secure the 
Zoom lens System 26 to the heat Sink 22. 
0032. The exemplary optics module 12 includes the light 
producing elements 16, cooperating optical elements 26, and 
the thermal heat sink 22. However, the optics module 12 
includes only very limited electrical components, limited to 
the pc board 78 and electrical leads (not shown) arranged in 
an electrical conduit 40 passing through the heat Sink 22. In 
one Suitable embodiment, the LEDs 16 are all of the same 
type and are interconnected in Series, parallel, or a Series 
parallel electrical combination on the pc board 78 which in 
turn connects to positive and negative input leads. In another 
suitable embodiment, the LEDs 16 include red, green, and 
blue LEDs, each connected to form a separate circuit, and 
there are six input leads (positive and negative leads for the 
red LEDs, positive and negative leads for the green LEDs; 
and positive and negative leads for the blue LEDs). Of 
course, those skilled in the art can Select other electrical 
arrangements. 

0033. The electrical power requirements of the optics 
module 12 are essentially determined by the electrical 
characteristics of the LEDs 16 and the electrical circuits 
formed by the conductive traces of the pc board 18. A typical 
LED optimally operates at a few hundred milliamperes or 
less, and at a few volts, for example at 4 Volts. Hence, the 
optics module 12 is preferably driven at a few volts to a few 



US 2004/0066142 A1 

tens of volts and at a few hundred milliamperes to a few 
amperes, depending upon the electrical interconnections, 
Such as Series, parallel, or Series-parallel, arranged on the pc 
board 18. 

0034. The electronics module 14 mechanically and elec 
trically couples with the optics module 12 at an opposite end 
of the heat sink 22 from the LED module 20. The electronics 
module 14 includes a Suitable electrical input connector, in 
the embodiment of FIG. 1 a GU-type two-prong connector 
50 known to the art, and an output coupler 52 that is adapted 
to mechanically connect with the heat Sink 22 and electri 
cally connect with the leads (not shown) of the LED module 
20. The electrical connector 50 is adapted to connect with a 
Selected power Supply, Such as a Standard 240 V a.c., 50 HZ 
electrical Supply commonly used in Europe. 

0035). With continuing reference to FIG. 1 and with 
further reference to FIG. 2, the lamp 10 is modular. The 
optics module 12 can be powered by various types of 
electrical inputs including different types of electrical con 
nectors by Selecting an appropriate electronics module. For 
example, the GU-type connector 14 of FIGS. 1 and 2A is 
optionally replaced by another type of GU connector 60 
shown in FIG. 28 that has different, for example thicker 
prongS 62. In Suitable embodiments, a first electronics 
module includes a GU-10 electrical connector for connect 
ing to 240 V a.c., 50 Hz power, while a second electronics 
module includes a GU-5.3 electrical connector for connect 
ing to a 12V d.c. power Supply. As shown in FIG. 2C a 
connector 70 having an Edison-type threaded connector 72 
is optionally used. The electronics modules 14, 60, 70 are 
exemplary only. Those skilled in the art can Select other 
connectors appropriate for powering the optics module 12 
using other electrical inputs. 

0036. It will further be appreciated that although various 
types of electrical connectors 50, 62,72 are embodied in the 
various electronics modules 14, 60, 70, the modules include 
the same output coupler 52, which in the illustrated embodi 
ment attaches to the heat Sink 22 by a Snap-fit that Simul 
taneously effectuates an electrical connection between the 
electronics module 14, 60, 70 and the optics module 12. In 
addition to the output coupler 52 of the various electronics 
modules 14, 60, 70 having a common mechanical connec 
tion, the output coupler 52 Supplies the same conditioned 
electrical power to the optics module 12. In this way, the 
optics module 12 is made independent of the particular 
power Supply. Since the connection between the electronics 
module 14, 60, 70 and the optics module 12 does not directly 
interface with the power Supply, it can take various mechani 
cal forms. The connection should be a rigid connection So 
that the lamp 10 comprises a unitary rigid body. In addition 
to the illustrated Snap-fit, it is contemplated to effectuate the 
electrical and mechanical connection between the electron 
ics module and the optics module using various other 
mechanisms. Such as a twist-lock, a Spring loaded connec 
tion, Screws or other auxiliary fasteners, and the like. 
0037. The above connections are advantageously selec 
tively detachable So that the end user can Select and install 
an appropriate electronics module for the application. Alter 
natively, a permanent connection Such as a Soldered or 
riveted connection is employed. Although Such a permanent 
connection does not provide electrical input modularity to 
the end user, it is advantageous for the manufacturer because 
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the manufacturer can produce and Stock only a single type 
of optics module. When lamp orders are received, the 
appropriate electronics module is Selected and permanently 
connected to the optics module. A permanent attachment 
also advantageously can be made more reliable and weath 
erproof, including for example an adhesive Sealant applied 
at the connection, and as Such can be preferable for Outdoor 
applications. 

0038. With continuing reference to FIGS. 1 and 2A-2C 
and with further reference to FIG. 3, each electronics 
module 14, 60, 70 also contains suitable electronic compo 
nents 80 for converting the input electrical Supply power 82 
(received at one of the exemplary connectors 50, 62,72) to 
conditioned output electrical power delivered to the output 
coupler 52 and adapted for driving the optics module 72. The 
received input power 82 is conditioned in a step 84. The 
conditioning 84 in the case of an a.c. input preferably 
includes rectification, Since the LEDs are advantageously 
driven by a d.c. current. In one Suitable embodiment, a 
Switching power Supply of a type known to the art is used for 
the power conditioning and rectification 84 of an a.c. input 
power 82, along with optional EMI/RFI filtering. Of course, 
the detailed electronics for performing the conditioning 84 
depends upon the type of the input power Supply and the 
power output desired for the optics module 12. Those skilled 
in the art can readily Select appropriate electronics and 
component values therefor to perform the power condition 
ing Step 84. 

0039. In one embodiment (not shown), the output of the 
conditioning Step 84 is applied directly to the output coupler 
52 to drive the optics module 12. However, in the illustrated 
embodiment of FIG. 3, the lamp 10 is selectably controlled 
using a network protocol, namely in FIG. 3 a DMX-512 
protocol. AS is known to those skilled in the lighting arts, the 
DMX-512 protocol in a suitable embodiment includes a low 
amplitude, high frequency control Signal which is Superim 
posed on the received power 82. Hence, in a step 86 the 
DMX control signal is isolated from the input power supply 
through a high impedance filtering circuit, and decoded in a 
step 88 by a microprocessor, DMX-512 microcontroller, or 
application-specific integrated circuit (ASIC). 
0040. The DMX-512 protocol provides for controlling at 
least the light intensity and the light color. In incandescent 
lamps, control of light color is typically achieved by coop 
eratively controlling a plurality of Such lamps, for example 
cooperatively controlling red, green, and blue Stage spot 
lights, to obtain a Selected illumination color. Because an 
LED module can include a plurality of LEDs of different 
colors, e.g. red, green, and blue LEDs, in the same module, 
an individual LED module can be color controlled via the 
DMX-512 controller, by independently controlling electrical 
power to the red, green, and blue LEDs. 

0041) With continuing reference to FIG. 3, the decoded 
DMX signal provided by the decoding step 88 is used to 
adjust the LED power in a step 90, and optionally is also 
used to adjust the lamp color in a Step 92, the latter being 
applicable to embodiments where the LED module 20 
includes multiple LEDs of different colors. The LED power 
adjusting 90 can, for example, effectuate a dimmer Switch 
operation. The output of the step 92 are, in a RGB embodi 
ment, three output power-conditioned signals 94R, 94G, 
94B corresponding to the red, green, and blue LED power 
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leads, respectively. Of course, for a single color lamp the 
color adjustment Step 92 is omitted and only a single 
conditioned output power, optionally power adjusted 90, is 
Supplied to the output coupler 52 to drive the optics module 
12. 

0.042 Although lamp control using a DMX-512 network 
protocol is illustrated in FIG. 3, those skilled in the art will 
appreciate that other control protocols can be implemented 
in combination with or instead of the DMX-512 control. For 
example, CAN or PDA network capability can be incorpo 
rated into the electronics module 14, 60, 70. Furthermore, 
Since the controlling is contained within the electronic 
module and is independent of and transparent to the optics 
module 12, each electronicS module can have a different 
controller or can have no control at all. Hence, converting 
the lamp 10 from a DMX-512 control to a CAN network 
protocol involves merely replacement of the electronics 
module 

0043. In a suitable embodiment, the electronic compo 
nents 80 are arranged inside the electronics module 14, 60, 
70 on one or more printed circuit boards (not shown) and/or 
are arranged as one or more integrated circuits. The elec 
tronics module 14, 60, 70 is preferably potted with a thermal 
potting compound to provide Shock and vibration resistance, 
to improve thermal heat Sinking of the electronics, and to 
exclude moisture and other contaminants. 

0044) If the connection between the electronics module 
14, 60, 70 and the heat sink 22 is thermally conductive, then 
the heat Sink 22 can, in addition to heat Sinking the LED 
module 20, also provide heat Sinking for the electronics 
module 14, 60, 70. In a permanent, non-detachable connec 
tion of the electronics module 14, 60, 70 with the heat sink 
22, thermal conduction can be improved by, for example, 
Soldering the components together with thermally conduc 
tive Solder. For a detachable arrangement, a thermally con 
ductive disk or other element (not shown) can be inserted in 
between to improve the thermal conductance. 
004.5 Those skilled in the art will recognize that the 
described modular lamp 10 overcomes significant problems 
which LED lamp manufacturers have previously struggled 
with. For example, the lamp 10, with or without the Zoom 
feature of the optics 26, is Suitable for replacing a conven 
tional MR- or PAR-type lamp in a lamp fixture that includes 
one of a plurality of types of electrical receptacles. The 
electronic connector module 14, 60, 70 matching the 
mechanical connection and electrical characteristics of the 
receptacle is Selected and joined to the optics module 12, 
either at the factory or by the end user, to form an LED 
based retro-fit lamp which is installed into the electrical 
receptacle of the lamp fixture in the usual manner, for 
example by Screwing in the LED-based lamp when using an 
Edison-type threaded connector. The optics module 12 is 
Selected to provide the desired optical output, for example 
the desired illumination intensity and Spot size. The optics 
module 12 is further preferably selected to substantially 
conform with at least a diameter of the MR- or PAR-type 
lamp. Thus, for example, a PAR-20 lamp is preferably 
replaced by an optics module 12 having a diameter of 2.5 
inches or somewhat less. Of course, if it is desired that the 
retro-fit lamp be compatible with a Selected control protocol 
Such as DMX, CAN, or PDA, a control module with the 
appropriate controller is Selected and joined with the optics 
module 12 to form the lamp. 
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0046) The invention has been described with reference to 
the preferred embodiments. Obviously, modifications and 
alterations will occur to others upon reading and understand 
ing the preceding detailed description. It is intended that the 
invention be construed as including all Such modifications 
and alterations insofar as they come within the Scope of the 
appended claims or the equivalents thereof. 

1. A lamp comprising: 
an optical module including a plurality of LEDs for 

emitting light and a heat Sink thermally coupled to the 
LEDs, the heat Sink having an electrical conduit for 
transmitting conditioned electrical power to the LEDs; 
and 

an electronics module including an input electrical inter 
face adapted to receive input electrical power and an 
output coupler rigidly attaching to the optical module 
for delivering conditioned electrical power to the elec 
trical conduit, the electronicS module further including 
electrical conditioning circuitry for electrically cou 
pling the input electrical interface to the output coupler. 

2. The lamp as Set forth in claim 1, further including: 
a Second electronics module including a Second input 

electrical interface adapted to receive Second input 
electrical power and an output coupler identical to the 
output coupler of the electronicS module, the Second 
electronicS module further including Second electrical 
conditioning circuitry for electrically coupling the 
input electrical interface to the output coupler; 

wherein each of the electronicS module and the Second 
electronicS module are Selectably detachably attachable 
to the optical module for Selectably adapting the optical 
module to one of the input electrical power and the 
Second input electrical power. 

3. The lamp as set forth in claim 1, further including: 
a circuit board in thermal contact with the heat Sink and 

on which the plurality of LEDs are arranged, the circuit 
board including electrical traces for electrically inter 
connecting the LEDs. 

4. The lamp as set forth in claim 1, wherein the electrical 
interface includes one of an Edison-type base and a GU-type 
base. 

5. The lamp as set forth in claim 1, wherein the electronics 
module further includes 

an electronic controller for controlling at least an LED 
intensity. 

6. The lamp as set forth in claim 5, wherein the electronic 
controller includes one of: 

a DMX network protocol controller; 
a CAN network protocol controller; and 
a PDA network protocol controller. 
7. The lamp as set forth in claim 1, wherein the plurality 

of LEDs include: 

a first LED that emits light of a first color; 
a Second LED that emits light of a Second color; and 
a third LED that emits light of a third color. 
8. The lamp as set forth in claim 7, wherein the electronics 

module further includes: 
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a controller for Selectively controlling electrical power 
applied to the first, second, and third LED to effectuate 
color control. 

9. The lamp as set forth in claim 1, wherein the optical 
module further includes: 

an optical System arranged to cooperate with the LEDs to 
produce a light beam having a Selected beam spread. 

10. The lamp as set forth in claim 9, wherein the optical 
System includes a plurality of lenses corresponding to the 
plurality of LEDs. 

11. The lamp as set forth in claim 1, wherein the output 
coupler of the electronics module is adapted to thermally 
communicate with the heat Sink of the optical module. 

12. An apparatus for connecting an associated lamp to an 
asSociated electrical power Supply, the associated lamp 
having one or more light emitting diodes (LEDs) and a first 
coupling element adapted to convey conditioned electrical 
power to the LEDs, the apparatus comprising: 

an input electrical interface adapted to operatively con 
nect to the associated electrical power Supply to receive 
input electrical power; 

a Second coupling element adapted to cooperate with the 
first coupling element to Selectively detachably connect 
the optical module and the apparatus together, the 
Second coupling element adapted to electrically con 
nect with the first coupling element to transmit condi 
tioned electrical power to the first coupling element; 
and 

electrical conditioning circuitry connecting the input elec 
trical interface with the Second coupling element that 
converts the input electrical power at the input electri 
cal interface to conditioned electrical power at the 
Second coupling element. 

13. The apparatus as set forth in claim 12, further includ 
Ing: 

a controller in communication with the electrical condi 
tioning circuitry for Selectively controlling power Sup 
plied to the LEDs. 

14. A light emitting apparatus comprising: 
a heat Sink having a first Side, a Second Side, and a conduit 

connecting the first Side and the Second Side, wherein 
the Second Side is adapted to connect with any one of 
an associated plurality of electrical adaptors each 
adapted to convert a Selected electrical input power to 
a conditioned output electrical power; and 

a plurality of light emitting diodes disposed at the first 
Side of the heat Sink and in thermal communication 
there with, the light emitting diodes receiving the con 
ditioned electrical power from the Selected adaptor via 
the conduit. 

15. The light emitting apparatus as Set forth in claim 14, 
further including: 

a pc board on which the plurality of light emitting diodes 
are arranged, the pc board disposed at the first Side of 
the heat Sink and in thermal communication therewith. 

16. The light emitting apparatus as Set forth in claim 15, 
further including: 

thermal tape bonding the pc board to the first Side. 
17. The light emitting apparatus as Set forth in claim 14, 

wherein the Second Side of the heat Sink is adapted to 
detachably connect with any one of the associated plurality 
of electrical adaptorS. 
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18. The light emitting apparatus as Set forth in claim 14, 
wherein the heat Sink thermally communicates with the 
asSociated electrical adaptor connected at the Second Side to 
provide heat Sinking for the adaptor. 

19. A method for retrofitting a lamp fixture configured to 
receive an MR- or PAR-type lamp in an electrical receptacle 
with an LED-based lamp, the method comprising: 

Selecting an LED-based lamp conforming at least to a 
diameter of the MR- or PAR-type lamp; 

Selecting a connector module conforming with the elec 
trical receptacle of the lamp fixture; and 

mechanically joining the Selected LED-based lamp and 
the selected connector module to form an LED-based 
retro-fit unit, the mechanical joining effectuating elec 
trical connection therebetween. 

20. The retrofitting method as set forth in claim 19, further 
including: 

installing the LED-based retro-fit unit in the lamp fixture, 
the installing including connecting the connector mod 
ule to the electrical receptacle of the lamp fixture. 

21. The retrofitting method as set forth in claim 19, 
wherein the mechanical joining includes: 

detachably attaching the Selected LED-based lamp and 
the selected connector module to form the LED-based 
retro-fit unit. 

22. A lamp comprising: 
an optics module having: 

a plurality of LEDs arranged on a printed circuit board, 
and 

a heat Sink having an electrical conduit for conveying 
electrical power through the heat Sink, the plurality 
of LEDs thermally communicating with the heat 
Sink, and 

an electronics module adapted to convey power to the 
plurality of LEDs via the electrical conduit of the 
heat Sink, the electronicS module having a first end 
adapted to connect with the heat Sink and a Selected 
electrical connector arranged on a Second end for 
receiving electrical power, the electronics module 
housing circuitry arranged within for adapting the 
received electrical power to drive the LEDs. 

23. The lamp as set forth in claim 22, wherein the optics 
module further includes: 

a lens System comprising at least one lens arranged to 
receive light generated by the LEDs for modifying a 
characteristic of the light. 

24. The lamp as set forth in claim 23, wherein the lens 
System further includes: 

an adjustment for Selectively adjusting a separation 
between the at least one lens and the plurality of LEDs. 

25. The lamp as set forth in claim 22, wherein the optics 
module further includes: 

a thermal tape disposed between the printed circuit board 
and the heat Sink for providing thermal contact ther 
ebetween. 

26. The lamp as set forth in claim 22, wherein the heat 
Sink thermally communicates with the electronics module to 
heat Sink the electronicS module. 


